Economic models to inform decision-making are gaining popularity, especially for preventive interventions. However, there are few estimates of the long-term returns to parenting interventions used to prevent mental health problems in children. Using data from a randomised controlled trial evaluating five indicated parenting interventions for parents of children aged 5-12, we modeled the economic returns resulting from reduced costs in the health care and education sector, and increased long-term productivity in a Swedish setting. Analyses done on the original trial population, and on various sized local community populations indicated positive benefit-cost ratios. Even smaller local authorities would financially break-even, thus interventions were of good value-for-money. Benefit-cost analyses of such interventions may improve the basis for resource allocation within local decision-making.
Introduction
There has been an increased use in recent years of benefit-cost analyses for evaluating early interventions for children and youth (Cunha and Heckman 2007) . Both scientific literature and public reports show substantial economic returns, some with a focus on preventive interventions of mental health problems (Aos et al. 2004 ; Barnett and Masse 2007; Heckman et al. 2009; Reynolds et al. 2011) . Within the mental health spectra, behaviour problems cause a substantial disease burden among children and adolescents, and together with an early age of onset, makes a case for early intervention (Kessler et al. 2007; Erskine et al. 2015) . If effective, these could result in longer-term health and financial gains, stemming from the fact that behaviour problems amongst children are associated with future health problems, such as antisocial behavior and an augmented risk of alcohol and drug abuse (Erskine et al. 2016; Bevilacqua et al. 2017) . Further, behaviour problems have financial implications for individuals, their families and the society. For example, children with conduct problems (CP) in the United Kingdom cost on average € 2300 annually to the public sector (Romeo et al. 2006) , about three and a half times as much as the general population (Scott et al. 2001 ). If left untreated, problems may augment and lead to a diagnosis of conduct disorder, with even higher costs. Estimates from the United Kingdom show that public sector costs for children with externalising behaviours, amount to up to € 3650 per child annually (Snell et al. 2013) . Service use for children with coexisting problems are expected to be even higher.
From a societal perspective, child behaviour problems are also associated with an individuals' future employment and potential earnings (Knapp et al. 2011 ). Fletcher (2014 and Le et al. (2014) have used sibling and twin data respectively to derive results indicating that inattention/hyperactivity and aggression/rule violating behaviour is negatively associated with high school graduation and longer term job attainment. In addition, since lifetime earnings are largely affected by the completion of high school (Hultkrantz et al. 2017) , the relationship between child behaviour, school achievement and the future financial position of these individuals becomes even more intricate.
So far, models for benefit-cost analyses for early interventions are predominantly developed in the United States and implemented for analysis at state (Aos et al. 2004) or national levels (United Kingdom) (Little and Edovald 2012) , with limited evidence for other countries. Results derived from impact evaluations made in the United States, with effects sizes calibrated for an American population and with economically relevant parameters for the United States, are difficult to apply in other regions, for instance in Scandinavia. In addition, benefit-cost analyses within this field are normally based on specific trial populations or extrapolated onto the general population by estimating intervention effects from compilations of results, as through metaanalyses, giving limited evidence as to what would happen if implemented in a "real-life setting".
Within Scandinavia, attempts have been made to develop similar economic models for early intervention, for example in Denmark (The Danish National Center for Social Research (Viden til Velfard) 2018). An important driver for this work is the upsurge of interest in evaluating and estimating the socioeconomic effects of prevention and early interventions for children and young people, through the use of social investment funds set up by local governments (Hultkrantz et al. 2017 ). However, scientific evidence for the economic outcomes related to longer-term impacts of early interventions within the Scandinavian setting are scarce.
As an early preventive measure, parenting programs may be effective at reducing behaviour problems in children and adolescents (Thomas and Zimmer-Gembeck 2007; Litschge et al. 2010; Furlong et al. 2013) . Parenting programs aim at reducing child behaviour problems through improving parenting techniques, as parents are assumed to be involved in the emergence, development and maintenance of child behaviour problems (Webster-Stratton and Hammond 1998) . Parenting programs are a recommended approach for primary, secondary and tertiary prevention of behaviour problems in Sweden and are delivered in 85% of all local authorities (The National Public Health Institute of Sweden 2013). A six arm randomised controlled trial evaluated some of the most commonly used parenting programs in Sweden and found that almost all are effective at reducing behaviour problems in the short-term (Stattin et al. 2015) and maintain these reductions in the longer-term (Högström et al. 2017 ). In addition, economic evidence of the short-term results indicate that most are cost-effective (Sampaio et al. 2016) . However, there is no evidence of the longer-term economic impact of these interventions, especially from a local level investment perspective, which we aim to explore in this study. If investing and delivering such interventions, many local authorities that have small population sizes may face difficulties in breaking-even, as benefits often accrue to other stakeholders later on. As a majority of all local authorities in Sweden are populated with less than 15,000 inhabitants and thus considered "small", a focus on their specific investment abilities and potential returns becomes relevant for local level decision-making. Although Swedish and other Scandinavian countries have relatively small population sizes, these type of analyses are applicable in other countries as well, as any decision-maker faces budget constraints and may benefit disproportionately to what has been invested. In this regard and to the authors' knowledge, no studies have been published on the return on investment of early interventions from a local authority perspective with varied population sizes, which we argue could have a substantial impact on whether or not evidence-based interventions are cost-effective. Thus, we build on the previous results of the effectiveness and short-term cost-effectiveness of the parenting programs evaluated in Sweden, by extending the analysis and forecasting the longer-term economic benefits for the trial population, as well as projecting the investment costs and potential economic returns for different local authority populations.
The aims of this paper were therefore twofolded:
(1) To forecast the longer-term economic return of four group-based parenting programs and a self-help book, compared to a waitlist control, for the prevention of behaviour problems, through the use of a decisionanalytic model. (2) To evaluate how the rate of return was influenced by the size of a local community population.
Methods
The economic evaluation estimated the benefits and costs of five parenting interventions, in relation to a waitlist control. Estimates were derived through a state-transition modelling approach, which explored the economic effects brought about by the prevention of persistent behaviour problems, defined through instruments measuring attentiondeficit/hyperactivity problems (ADHP), CP and co-existing ADHP/CP. We monetized prevented cases by including costs related to the health care and education sector, as well as productivity losses for the children in adulthood. Data on the interventions' costs and effects were sourced from the original trial (Stattin et al. 2015) , while epidemiological data to inform transitions between health states and costs related to the problem states were sourced from secondary sources, based on 2015 as a reference year. All costs and benefits 1 3
were converted to 2015 EURO (€) using price inflators (The Campbell and Cochrane Economics Methods Group). Costs and effects were discounted at 3% in the base case analysis.
Outcomes are presented as benefit-cost ratios and net present values.
The Interventions Evaluated
This economic evaluation compared four group-based indicated parenting programs and a self-help book, to a waitlist control. Three of the programs, COPE (Cunningham et al. 1995) , Comet (Kling and Forster, 2010) (Moretti et al. 2013) , is attachment-focused and intends to build empathy, reframing child behaviour and changing emotional responses by focusing on the parent-child relationship. All programs lasted between 10 and 12 weeks with weekly group sessions of between 1 and 2.5 h. The self-help book (Forster 2009 ) was provided to parents to improve parenting management strategies and was created based on the program Comet. The interventions are developed for specific ages, with the IY for younger ages (3-8), Connect for 9-16 year olds and COPE, Comet and the self-help book for ages 3-12.
Different Populations Evaluated
The Trial Population
The original trial (Stattin et al. 2015) was implemented through Swedish community-based services to parents of children aged between 3 and 12 who were seeking help for their child's behaviour problems. In addition, 48% of the parents in the original trial reported that their child had an attention-deficit/hyperactivity disorder (ADHD) diagnosis at baseline (Stattin et al. 2015) . We evaluated the interventions using the parent (child) population enrolled in the original trial. For this population, we estimate and report average costs and benefits per child.
Local Community Populations
In addition to the trial population, we modelled various sized local authority populations. We used national definitions (Swedish Association of Local Authorities and Regions 2017) of a small, medium and large local community in Sweden to retrieve population size estimates. Based on population sizes, we estimated the number of children between the ages 5-12 in the population (Sweden Statistics (Statistiska Centralbyrån) 2018), and through national surveys we narrowed the population to the proportion of these individuals that would be eligible (screened positive for behaviour problems) for an intervention (Folkhälsomyndigheten 2014) . Further on, based on estimations from the literature (Pavuluri et al. 1996; Oh and Bayer 2015) , we restricted the sample to those parents that are expected to seek help for behaviour problems in their children and would take up an intervention if offered. Final samples can be found in Fig. 1 and reported in Table 1 . Results are reported for the whole population in each municipality size.
Exploratory Population Based on Break-Even Point
In addition to the local community populations, an exploratory analysis was conducted where we aimed to find out how large a local authority population would have to be in order for an investment in any of the parenting intervention to yield positive financial returns (benefit-cost ratio ≥ 1). We estimate the final population based on how many would need and receive an intervention, tracing backwards from the populations found in the sample above.
The final sample and its corresponding benefits and costs are reported on a group level.
Data Collection from the Original Trial
Parental report of child behaviour problems were collected at baseline, 4 months after the baseline (post-test) and at a 2-year follow-up. The waitlist control was only allowed for 4 months due to ethical considerations, therefore the 2-year follow-up only serves as an indication of the maintenance of the interventions' effectiveness (Högström et al. 2017 ). Due to difficulties in finding cost data for children below the age of five with behaviour problems, we included data from children aged 5-12 and excluded children aged 3-4. No analyses were conducted to account for missing data, as attrition were deemed to have minimal bias (Stattin et al. 2015) .
Problem Behaviours
Behaviour problems were estimated using two clinical instruments. Firstly, child hyperactivity and attention difficulties (ADHP) were measured using the Swanson, Nolan and Pelham scale (SNAP-IV) (Swanson 1992 ), a parentreporting instrument used for children aged 5-11. Although not validated for 12-year-olds, SNAP-IV was used for the full sample. Scores on two (inattention and hyperactivity/ impulsivity) of the three scales (excluding oppositional behavior) were added for a final score of "clinical levels" ADHP, fully encompassing the items for a DSM-V classification of ADHD (American Psychiatric Association 2013). Secondly, parent-reported CP were estimated with the Eyberg Child Behavior Inventory (ECBI) (Colvin et al. 1999) , where we used the intensity subscale to estimate clinical levels of CP. Although ECBI and SNAP-IV are not diagnostic instruments, they have good psychometric properties (Colvin et al. 1999; Bussing et al. 2008; Abrahamse 2015) , thus we use them as a proxy for clinical levels of the problems, as has been done previously (Bonin et al. 2011; Norén Selinus et al. 2016) .
Intervention Costs
The cost of delivering the various interventions were based on trial data (Stattin et al. 2015) , and the short-term costeffectiveness evaluation (Sampaio et al. 2016 ). Costs were calculated as an average per child and based on the parents starting the different interventions. Intervention costs for implementation in various sized local authorities were estimated based on information from the trial and amended to the changed population sizes modelled. Although average treatment costs are similar in each municipality, there was a slight economies of scale for training of staff, hence costs reduced slightly with increasing population sizes. Due to implementation problems and other unexpected events in the trial, programs ran at low capacity, hence the mean cost per child for the trial population were somewhat larger than for the local community populations. Table 2 summarizes the total cost per program and mean cost per child. Due to the possibility of parents dropping out (Ozbek et al. 2018 ) resulting in group-sessions not running at full capacity (affecting average cost per individual), we explored the effect of increased intervention costs in a sensitivity analysis.
Data from Secondary Sources

Cost for Problem Behaviours
Short-Term Health Care and Educational Sector Costs
Marginal costs related to ADHP, CP and co-existing ADHP/CP, such as additional health care sector costs, in comparison to children without problems, were included in the model and can be found in Table 3 with corresponding references in the footnotes. These costs were estimated by calculating an average cost derived from European costing studies based on their potential similarity to the Swedish welfare system. Inclusion and exclusion criteria, search results, included studies and costing-analyses can be found in the technical report (Nystrand 2018) . It should be noted that we could only find a small number of studies estimating incremental costs. We try to account for this uncertainty by using probabilistic sensitivity analyses, described further below. In addition to health care costs, we included educational sector costs containing data on educational support in the form of assistants, smaller group sessions and special pedagogical support etc. Costs for children in special needs schools were excluded from the analyses as they often have more severe ung, 2017) . EsƟmted based on the clinical level of SDQ subscale for Conduct Problems and liƩerature on help seeking behaviour of parents who experience mental health problems in their children (Oh & Bayer, 2015; Pavuluri, Luk, & McGee, 1996) and comorbid diagnoses which require more assistance.
Local community populations
Only public sector costs were accounted for. Costs accruing to other sectors were excluded due to lack of relevant data.
The costs ranged between € 321 and € 1888 annually for CP and ADHP respectively. To include parameter uncertainty in the model, each epidemiological parameter (incidence, prevalence and remission) as well as the effectiveness measures and the causality link between drop-out and earnings, was attributed a beta distribution in the probabilistic analysis. Epidemiological data and effects are presented as probabilities PSA probability and sensitivity analysis, GBD global burden of disease, ADHP attention-deficit/hyperactivity problems, CP conduct problems, CI confidence interval *Significant compared with the waitlist control at a significance level of < 0.05 a All epidemiological inputs (except for population) in the table are averages between ages 5 and 20. In the decision analytic model, specific age rates were used b Population sizes of small, medium and large communities are all based on (1) how many parents are treatment seeking and would take up an intervention, if offered, for behaviour problems in their children (Oh and Bayer 2015; Pavuluri et al. 1996) , (2) Local community populations (n) Small 50 These populations are based the average amount of children in a small (n = 15,000), medium (n = 50,000) and large (n = 200,000) municipality between ages 5-12 (9,4%), who experience behaviour problems (17, 
Productivity Based on Lifetime Earnings Between Ages 20 and 65
To value the effect of the interventions on productivity, we used estimates of lifetime earnings based on different education levels (Hultkrantz et al. 2017) . These estimates were based on data from a national register containing yearly information on individual level earnings from income and self-employment for all Swedish residents aged 16-65. Earnings were divided between individuals who graduated from upper secondary school (max 20 years of age), and for those who only graduated from compulsory education (9 years of education). By calculating the difference between these and subtracting the cost of secondary school education, they estimated the expected difference in earnings between these two types of individuals, which amounted to 1.6 million SEK (€ 163,000). This estimate was derived from assuming that the amount of variation in earnings that could be attributed to educational achievement was 50%, This "causality factor" was derived from Swed- Table 2 Intervention cost (2015 EUR€) for the trial population and for a small, medium and large municipality population All information is based on project documentation attained from a randomized controlled trial including the same interventions. Further information can be obtained in previously published studies (Stattin et al. 2015; Sampaio et al. 2016 ). Totals may not exactly reflect the sum of the variables included, as each variable is rounded off to the closest integer a The costs for the trial population is solely based on information from the RCT that this study is based on and can be found in detail in Sampaio et al. 2016 . The costs for the other populations are based on the RCT, but amended to fit larger populations. Further information on the exact amendments made can be found in the technical report (Nystrand 2018) b Total travel cost include cost for transport and accommodation (reported above as a one time cost) and travel allowance times the number of training days c We assume that each practitioner has the capacity to run four consecutive programs annually d We assume that the practitioners need as much time for preparation as running the sessions e Hourly rate for renting a venue within the municipal sector ish literature (Björklund et al. 2010 ), but we use parameter uncertainty from an American study (Heckman et al. 2016 ) in our probabilistic model. However, no uncertainty was included in the model for individual level earnings, as the estimates were based on national register data almost fully representing the whole population.
Epidemiology to Estimate Transition Probabilities
Age-specific incidence and prevalence data used to populate the model and estimate transition probabilities between health states, were collected from the Global Burden of Disease study (Global Burden of Disease 2016; Disease and Injury Incidence and Prevalence Collaborators* 2017). Average estimations on remission were analysed based on data from the literature (Nystrand 2018) . Estimates for the health state ADHP/CP were obtained based on a meta-analysis of the co-existence between the two problems, explained further in the technical report (Nystrand 2018) .
Analyses
Effectiveness of Interventions
Clinically Significant Reliable Change Index (CS/RCI) To estimate the interventions' effectiveness in relation to the waitlist control, the CS/RCI (Jacobson and Truax 1991) method was used for both ECBI and SNAP-IV. CS/RCI combines the clinical significance (CS) and the reliability of the change (RCI). This method was employed in the shortterm cost-effectiveness evaluation of the trial and explained more thoroughly there (Sampaio et al. 2016 ). The effects of the interventions were estimated as the proportion of "recovered" cases for both post-test and the 2-year follow-up, reported in Table 1 . Recovered cases were defined as a clinical significant and reliable change from above the pre-determined clinical cut-off to below for each scale. As the post-test data was collected at 4 months post baseline, we extrapolated the data into yearly proportions. Also, since the waitlist control was dropped following the post-test measurement, the proportion of "recovered" cases in the waitlist at the 2-year follow-up was assumed to be the same amount as at post-test, indicating a linear natural remission trend. We used this assumption to be able to estimate the interventions' effect at 2 years. Epidemiological studies have found annual probabilities of natural remission from conduct disorder and ADHD between 7 and 29% (Kim-cohen et al. 2005; Lahey et al. 2005 ) and 4-21% (Mannuzza et al. 1998; Biederman et al. 2006b) respectively. We estimated annual remission probabilities between 11% for attention difficulties and 14% for conduct problems, based on transitions made by individuals (Hultkrantz et al. (2017) f Due to the lack of cost data for the coexisting state ADHP/CP, it was conservatively assumed that the resource use by the these individuals mirrored the lowest cost estimated for either ADHP or CP in the waitlist control group between baseline and post-test (Nystrand 2018) . We thus apply these to the waitlist at twoyears and believe that it fairly resembles the probability of natural remission.
Epidemiology
Transition probabilities to move individuals between the health states were based on (1) data from the waitlist control group estimated between baseline and post-test using SNAP-IV and ECBI and (2) amendment of the trial data to fit the epidemiological trend based on Swedish population level data (Erskine et al. 2014; Sweden Statistics 2018) . These probabilities corresponded to; incidence, remission, case fatality and all-cause mortality. We explain how these two data types were merged in the technical report (Nystrand 2018) . Using only trial data for the epidemiological inputs would assume that the epidemiology remains constant over the full modelling period to reflect trial data availability (measured at baseline and post-test). In addition, to solely use population level data would have underestimated the prevalence of the behaviour problems in the populations receiving the interventions (as they are targeted). Epidemiological data from the trial were determined using the same method as for calculating the intervention effects, the CS/RCI method (Jacobson and Truax 1991) .
State-Transition Model
A probabilistic decision-analytic model was developed to calculate benefit-cost ratios of the five interventions in relation to a waitlist control, for the prevention of persistent behaviour problems. To simulate the problem pathways for the intervention and comparator scenarios, we developed a multiple cohort Markov model with yearly transitions between health states. Microsoft Excel 2016 was used to model five different health states-well, "problems" (ADHP, CP or co-existing ADHP/CP) and a dead state. The dead state acts as an absorbing (and natural) state to account for all-cause mortality (Kattan 2009 ). We assumed each state to be mutually exclusive. At the starting cycle (year zero), the problem states included the prevalent cases of ADHP, CP and ADHP/CP, estimated as the proportion of children at baseline (from the trial) who scored above the clinical cutoffs on ECBI and/or SNAP-IV, while the remaining population were in the well state. A conceptual diagram of the model is presented in Fig. 2 . The effects of the interventions were applied in the first and second cycle of the model to the prevalence of the problems. We assumed that the potential reduction in persistence of the problems move individuals back to the well state where they incurred no extra costs, although a reduction in costs would most likely happen over a longer time period. We modelled the transitions on an annual basis for each age-cohort, where different agecohorts were modelled for different interventions. Comet, COPE and the self-help book were modelled for 5-12 year olds, the Incredible Years for 5-8 year olds and Connect for 9-12 year olds. The populations were modelled over a time horizon lasting until the children were 20 years of age.
Beyond the Age of 20
At age 20, the prevalent cases in each of the three problem states (excluding the well and dead state) were estimated. The potential impact fraction (PIF) method (Morgenstern and Bursic 1982) was used to estimate how a change in prevalence of the three problems for each intervention arm affected the prevalence of high school drop-out, based on relative risk estimates (Erskine et al. 2016) . Hence, if an intervention, compared to the waitlist control, generated fewer prevalent cases of ADHP, CP and/or ADHP/CP, it would reduce the number of individuals dropping out of high school, since the relative risk of high school drop-out conditional on any of the problems is greater than one. The PIF is computed in the following way:
where p is the prevalence of the risk factor (ADHP, CP, ADHP/CP) at the end of the modeling period for the intervention scenarios, p 1 is the prevalence of the risk factor in the waitlist control and RR is the relative risk of high school drop-out conditional on having any of the risk factors respectively. The resulting PIF was multiplied by the number of people in each intervention arm that would drop-out of high school without the intervention in place (n times the population drop-out prevalence (Swedish National Agency for Education 2017)). The result provided an estimate of the change in number of dropouts as a result of each intervention. We assumed that dropping out of high school was the inverse of receiving a high school diploma by age 20. PIF was used to estimate the interventions' effect on productivity, estimated based on the receipt of a high school diploma at the age of 20.
Probabilistic Modelling and Sensitivity Analyses
The uncertainty around the parameters in the model was dealt with using probabilistic sensitivity analyses (Briggs et al. 2012) . We used Microsoft Excel 2016 to run Monte Carlo simulations with 5000 iterations which produced confidence intervals (CI) of 95% around the health outcomes, net costs and net return on investment. We assigned distributions to each parameter depending on the type of
data. Beta distributions were assigned to all probabilities due to it being constrained between values of zero to one, while gamma distributions ranging between zero and positive infinity were used for the costs due to the skewness of the data. For some cost data, we were only able to retrieve average estimates without information regarding its spread. In these cases, we used a triangular distribution, with a range of ± 20%, to incorporate some kind of uncertainty around the averages. We used the lognormal distribution for the relative risks as these estimates consist of ratios, whereby the natural log is used to estimate the variance around the mean. These parameters are shown in Table 1 . Univariate sensitivity analyses for certain parameters were conducted to estimate the impact of potential changes of the parameters, deemed relevant for decision-makers.
First (1), we looked at only using post-test effects as the follow-up measure was lacking a control group. Second (2), we added "recovered" and "improved" cases together to form the effectiveness measure, effectively using the traditional "cases" and "non-cases" as an outcome. Third (3), we doubled intervention costs as these may vary greatly between local authorities and to provide a more conservative costing approach. We also modelled what would happen with (4) a smaller, 0%, and (5) a larger, 6%, discount rate on both costs and effects. In the last two analyses, we used (6) only educational sector cost-offsets, as these are borne by the same authority (the municipality) that would financially be responsible for implementing the parenting interventions, and (7) only educational and health care sector costs, disregarding the interventions' effect on labour market earnings. Table 4 shows the base case results of all the modelled populations, with respect to each intervention in comparison to the waitlist control. The results vary depending on the size of the population.
Results
Estimated Benefit-Cost Ratios for the Trial Population
The Trial Population
The intervention costs ranged between € 13 (95% CI € 13-€ 13) per individual for the self-help book to € 1142 (95% CI € 1136-€ 1148) for the Incredible Years program. We found that all interventions yielded positive incremental cost-offsets in comparison to the waitlist control. In addition, all interventions had positive net present values and benefit-cost ratios ranging between 5.96 (the Incredible Years) to over 300 (self-help book) per invested Euro.
The Community Populations
When simulating what the results would look like if the interventions were implemented in various sized local communities, we found similar positive results as for the trial population, which remained so throughout the analyses. Starting from a small (15,000), medium (50,000) and large (200,000) population, the amount of children who (1) were between the ages 5-12, (2) would screen positive of behaviour problems and (3) would have parents who were help-seeking boiled down to 50 (small), 166 (medium) and 662 (large). In text, we present results from the small population (n = 50) since this is the most common sized municipality in Sweden. The intervention costs were estimated between € 611 (95% CI € 608-€ 614) for the least costly option (the self-help book) to € 42,819 (95% CI € 42,614-€ 43,023) for Comet. COPE generated the largest incremental cost-offsets with a total of € 332,854 (95% CI € 326, 219-€ 339,489) . When analysing the costs and forecasted cost-offsets in relation to each other, we found that the benefit-cost ratios were larger than unity for all interventions, indicating positive returns on investment, with the self-help book showing the most substantial returns. Net present values ranged between € 139,924 (95% CI € 135,501-€ 144,347) for Connect to € 324,313 (95% CI € 317,676-€ 330,950) for COPE.
The Break-Even Analysis
The results from the exploratory break-even analysis can be found in Table 5 . The earliest point of break-even occurred for all interventions except Comet at a population of 257 inhabitants. Hence, only one parent in our target group would have to receive the intervention for it to generate cost-offsets larger than the investment cost; a positive net present value. In summary, a municipality would have to invest between € 12 (the self-help book) to € 10,051 (for Comet) for the intervention to break-even. Results (EUR€) of the base case cost, cost-offsets and cost-benefit generated by four parenting programs and a self-help book, in comparison to a waitlist control, for various population sizes All estimates are discounted with a 3% annual rate. Net present value is calculated as incremental cost offsets minus intervention costs Results for in 2015 EUR€. For the trial population, the results are presented per individual, while for the small, medium and large population, results are presented for the whole municipality population that would receive the intervention, indicated in each paragraph 
Sensitivity Analyses
Results from the sensitivity analyses for the trial and local community populations can be found in the Electronic Supplementary Appendix. For almost all analyses, the net return on investment increased with population size, in comparison to the base-case analysis where benefit-cost ratios did not alter much between populations. Only two of the analyses (excluding costs outside of the local authority setting and excluding cost-offsets due to high school drop-out) resulted in negative returns, while the other analyses indicated that the initial results remained robust to parameter changes. When including only the local authority sector costs, only the selfhelp book yielded positive BCRs throughout the populations analysed (38.11 (95% CI 37.57-38.66) and 39.02 (95% CI 38.46-39.59) respectively for the trial and small population). Only for the large population did the Incredible Years and COPE yield positive returns as well. Similar results are found when excluding costs related to high school drop-out (excluding lifetime labour market earnings).
Discussion
In the present study, a decision-analytic model was used to forecast the longer-term economic impact of four parenting programs, along with a self-help book, in comparison to a waitlist control. We conducted three types of analyses; one on a trial population, one on hypothetical local community populations and a third analysis using an exploratory breakeven approach to find the minimum population size required to generate positive returns on investment.
The results indicate benefit-cost ratios above unity for all interventions throughout the modelled populations, with estimates between 5.96 and 15.80 per Euro invested for the four parenting programs and substantially larger benefit-cost ratio for the self-help book. COPE generated the largest net present values. The break-even analysis showed that all interventions yielded positive returns on investment if willing to invest up to € 10,051. The results therefore indicate that all interventions are of good value-for-money, even for small authorities, and yields high positive returns on investment.
Discussion of Results
In line with the effectiveness evaluation, the effects are larger for reducing cases of CP rather than ADHP, which likely stems from the fact that a majority of the programs were developed to target child CP. Looking at the economic evidence, the results vary somewhat between the trial and local community populations. Due to implementation problems, some of the delivered programs within the trial did not run at the optimal capacity, hence the costs per child were higher. This had a substantial impact on the intervention costs for the Incredible Years program in the trial. However, this only had an effect on the magnitude of the benefit-cost ratios, rather than the direction due to the substantial cost-offsets Table 5 Results (EUR€) of the base case break-even analysis of four parenting programs and a self-help book, in comparison to a waitlist control, for a hypothetical population Results are presented in 2015 EUR€ per the "number needed per intervention for BCR ≥ 1" BCR benefit-cost ratio, CI Confidence interval a (1) how many parents are treatment seeking and would take up an intervention, if offered, for behaviour problems in their children (Oh and Bayer 2015; Pavuluri et al. 1996) , (2) out of the amount of children between the ages 5-18 (Statistics Sweden 2018) within the normal population who are estimated to have behaviour problems (Folkhälsomyndigheten 2014) which would generate a benefit-cost ratio of or above unity (≥ 1) b Number of people in the whole hypothetical municipal population, based on how many children between the ages 5-18 there are in the average population (Statistics Sweden 2018) 1 3 related to a reduction of behaviour problems. The largest benefit-cost ratios were generated by the self-help book. Due to its low implementation (only material) costs and with a relatively large impact on all health outcomes, it generated substantial returns on investment even with low population sizes.
Comparison to Other Studies in the Field
In general, the results from this study are in line with the economic evidence found in the literature as well as in nonscientific reports, suggesting positive returns on investment and high probabilities of cost-effectiveness. Bonin et al. (2011 ), Sampaio et al. (2018 and Mihalopoulos et al. (2007) applied population-based models within Australia and the UK to estimate whether parenting interventions were cost-effective and cost-saving over the longer term. Bonin et al. (2011) used a generic parenting intervention based on effectiveness estimates from the literature and by simulating an intervention using various effectiveness scenarios, they found that it yielded approximately € 7300 in net-savings (NPV) to the public during 25 years following delivery of a group-based intervention. Seen from the small population, our data suggest net-savings between € 2798 and € 6486. This difference is likely to be due to fewer public sectors included in our analysis. Sampaio et al. (2018) and Mihalopoulos et al. (2007) modelled children up until the age of 18, whose parents had received the parenting program Triple P (Sanders 1999) at various intensity levels in an Australian setting. They found that Triple P was both cost-effective at the local willingness-to-pay threshold and cost-saving if the intervention would reduce the level of conduct disorder by at least 7%. O'Neill et al. (2013) conducted a cost-effectiveness analysis and a longer term benefit-cost approximation of the Incredible Years program in Ireland. Their benefit-cost analysis included costs related to education, crime and unemployment. Their forecast resulted in a net present value of € 3445 per child, which compares to our results of the Incredible Years program of € 6046 per individual, delivered in a small population.
Although self-help parenting interventions, such as bibliotherapy, have been deemed effective in the literature (O'Brien and Daley 2011) , no economic evaluations other than the short-term cost-effectiveness evaluation of the current trial, have been conducted. As the effectiveness results of this trial are in line with previous research and self-help options generally require fewer hours by practitioners, the results are expected and the magnitude of the returns unsurprising.
Similar evidence can be found outside of the published literature where comparable economic models have been used to evaluate preventive interventions (Aos et al. 2004 ).
State level estimates from the US reported a benefit-cost ratio for behavioural parent training programs of 20.63 including benefits from changes to both primary and secondary participants (e.g., parents) (Washington State Institute for Public Policy 2018). The estimated benefits from changes to primary participants include labour market earnings, avoided costs of grade repetition and special education in primary and secondary school, health care, and crime. The last component, which is not included in this evaluation, amounts to 8% of the estimated benefits from changes to primary participants. The benefit-cost ratio from changes to primary participants is 9.59, which can be compared to 6.31-38.97 in this evaluation (for the small population, excluding the self-help book).
Implications for Policy and Practice
The evaluated parenting programs are available and used at different rates in Sweden, where the most frequently used is Comet, followed by COPE. In a survey conducted by the National Public Health Institute of Sweden (2013) it was reported that just about a third of the 290 municipalities in Sweden had COPE on offer to parents. None of them currently offers the self-help book as a preventive measure. The results from this study are therefore highly applicable to local decision-making. Firstly, from a clinical perspective, parenting programs may be implemented through a stepped care approach. The self-help book is inexpensive, yields high returns and is effective at reducing behavioural problems even if only few parents are reached. It requires no training nor execution by practitioners, thus solely entails a cost of the book itself. However, it does not generate the same effects as COPE or the Incredible Years, thereby producing smaller net present values. To augment the health benefits and if more resources are available, care may be expanded by offering these programs. However, further research is needed to investigate its implementation through stepped-care.
Concerning applicability of results to local authority decision-making, we estimated the interventions' impact if implemented in different population sizes. As a majority of local authorities within the Swedish context are below 15,000 inhabitants, which may be the case also in other countries, it may be difficult to finance preventive strategies due to budget constraints. This is true especially if other sectors may reap the health and financial benefits of these investments. We put forth evidence in this study that even the small populations will secure benefits, also if only including their own potential cost-offsets, as was done in the sixth sensitivity analysis. Hence, regardless of the size of the implementing authority, most of the evaluated parenting interventions yield positive returns throughout.
In terms of generalizability of the results, it may well apply to local authorities, regional offices or other instances that are delivering parenting interventions in other countries, who have a similar financing and service provision system to Sweden. As such have shown to be as effective outside as within their country of origin (Gardner et al. 2016) , it boils down to whether our economic analysis including implementation costs and price levels, in relation to health care, educational support and projected lifetime earnings, is similar in other settings. Even though the results ought to be interpreted with caution outside of Sweden, they may well be applicable to countries with publicly funded health care and educational sectors and with service delivery of parenting programs on a local level.
Strengths and Limitations
To the authors' knowledge, this is the first study looking at the longer-term economic consequences for parenting interventions delivered in different sized local authorities. The current study makes use of univariate probabilistic and sensitivity analyses to account for parameter uncertainty and various assumptions made within the model. This offers strength to the results, both statistically and clinically by controlling for data variations and "real life" factors that might affect the results. In addition, the Markov modelling technique has an advantage as it incorporates yearly changes in the disease burden and uses epidemiology to map related costs, in comparison to other longer-term health economic studies within the same topic. We have attempted to make conservative assumptions throughout the analysis and ensuring transparency by aiming to point out and discuss assumptions made as well as referencing the technical report related to the model used.
However, a few challenges may be noted, in addition to the limitations explained in the initial trial and discussed at large in the effectiveness paper (Stattin et al. 2015) . Firstly, we include both the post-test and follow-up effectiveness results in the base case analysis, but data was only available for the control group at post-test due to ethical considerations. We used the data from the control group at post-test to inform the follow-up measure, which means using the same "natural remission" at follow-up as at post-test. Data on natural remittance levels (remittance from ADHD, CD and ADHD/CD without any intervention) from the literature show lower rates than found in this study (Lahey et al. 2005; Biedermanet al. 2006a ).
On a similar note, we have assumed that the modelled problems (ADHP, CP and co-existing ADHP/CP) follow a similar epidemiological trend as the disorders, which may have affected the results in an unknown direction. We also used SNAP-IV as a clinical cut-off level for ADHP, which has only been validated for children up to the age of 11, and the oldest in our sample are 12-year-olds.
Another issue is the health states modelled in combination with related costs. It is unlikely that scoring below a certain cut-off after an intervention would effectively remove the burden of the problems to such an extent that services used would diminish directly and completely.
The assumption that we would directly see cost-offsets due to an individual remitting from one of the "problem" states should therefore be taken into consideration when interpreting the results. Also, since no cost-data was collected alongside the trial, we had to estimate this from the literature which generated average costs. Future studies ought to use validated instruments for data collection on costs to be able to conduct a full economic evaluation with individual-level costs. In addition, productivity losses were estimated in the model, however, behaviour problems are associated with a range of consequences in adulthood, whose costs have not been accounted for in the estimation of longer-term cost-offsets. This is likely to underestimate the magnitude of offsets.
Lastly, it is important to note that no sub-group analyses have been conducted and that no other effects other than those on the children have been included in these analyses. We therefore do not know for which children these interventions work; it seems plausible that compliance rates of the self-help book or other barriers to the effectiveness of parenting interventions may be affected by demographic variables, such as language/cultural background or parental well-being (Gardner et al. 2010; Ozbek et al. 2018) . Initial level or amount of problems may also impact the results. If only some groups of parents experience positive effects of parenting interventions, it may contribute to inequity in both who is targeted by public services, as well as who they effectively work for. In addition, the larger societal effects of these interventions, as on parents own health and the wellbeing of the people in close contact with the children are not considered. Such indirect costs are likely to be affected, and we assume our cost estimates to be underestimated due to this exclusion. Therefore, it is of relevance for future studies to collect more extensive data to be able to conduct subgroup analyses to understand who benefits from these types of interventions. The economic evidence may be expanded further by including the effect of parenting interventions on individuals other than the children themselves.
Conclusion
Economic models for early investments in child mental health may generate evidence that is useful for local level decision makers. By using such a model for parenting interventions, we have been able to establish their long-term societal costs and potential returns. All the evaluated interventions within this study appear to be of good value-formoney and yield substantial societal returns when adapted to various community populations, evidence that is relevant for local decision-making.
